The incidence of aseptic loosening can be predicted from migration measurements for proximal femoral, 1-4 proximal tibial 5, 6 and acetabular components. 7 A common pattern of migration has an initial rapid phase while the implant is settling into a layer of necrotic bone. 8 This is followed by a slower continuous phase, the rate of which has been linked to later failure, but the cause of this is uncertain. The rate of medium-term migration depends on the method of fixation; press-fit prostheses migrate significantly more than cemented and osseo-integrated devices. The nature of both phases of migration suggests that it is a mechanical phenomenon, or at least mechanically triggered, rather than a biological process. Current theories of aseptic loosening cannot account for this pattern of migration. In cemented replacements, the debonding of either of the cement interfaces may initiate aseptic loosening, 9 but this theory assumes that loosening begins some years after surgery. Migration measurements indicate that loosening often begins very soon after implantation.
Fatigue failure of cancellous bone: a possible cause of implant migration and loosening*
The incidence of aseptic loosening can be predicted from migration measurements for proximal femoral, [1] [2] [3] [4] proximal tibial 5, 6 and acetabular components. 7 A common pattern of migration has an initial rapid phase while the implant is settling into a layer of necrotic bone. 8 This is followed by a slower continuous phase, the rate of which has been linked to later failure, but the cause of this is uncertain. The rate of medium-term migration depends on the method of fixation; press-fit prostheses migrate significantly more than cemented and osseo-integrated devices. The nature of both phases of migration suggests that it is a mechanical phenomenon, or at least mechanically triggered, rather than a biological process. Current theories of aseptic loosening cannot account for this pattern of migration. In cemented replacements, the debonding of either of the cement interfaces may initiate aseptic loosening, 9 but this theory assumes that loosening begins some years after surgery. Migration measurements indicate that loosening often begins very soon after implantation. 6 Bone resorption, perhaps due to stress shielding, has been suggested as the primary mode of failure of cementless femoral prostheses. 10 Stress shielding, however, affects mainly the cortex and not the bone immediately around the prosthesis. The fibrous encapsulation of press-fit prostheses produced by micromotion 11 will allow migration, but this is not applicable to well-cemented and osseo-integrated prostheses. Osteolysis related to wear fragments contributes to late loosening, but this is unlikely to be a factor in early failure. Medium-term migration therefore appears to be due to the compaction or resorption of periprosthetic bone.
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All prostheses are supported by cancellous bone, and we consider that medium-term migration may be due to the failure of cancellous bone caused by excess stress. Our finite-element studies have shown increased stress in the cancellous bone around implanted femoral stems, 13, 14 for several cemented, osseo-integrated and press-fit prostheses for which migration and survivorship data are available. 1, 15, 16 Cemented and osseo-integrated prostheses were shown to generate twice the stress in cancellous bone than that in the normal intact femur, rising to over three times in press-fit stems. These theoretical stresses in cancellous bone all exceeded the in vitro fatigue strength of such bone, which confirms the possibility of collapse of cancellous bone over extended periods of time. There was a positive correlation between our predicted cancellous bone stresses and the migration measured in clinical cases at two years postoperatively. We have found a similar relationship between the initial stress in cancellous bone and migration for proximal tibial prostheses (Taylor et al, unpublished work). It is well known that trabecular microfractures, healing by callus, are present in the cancellous bone of healthy 17 and osteoarthritic 18 femoral heads, but in the normal condition such damage seems to be in equilibrium with the remodelling response. Increased stress will disturb this equilibrium by increasing the rate of damage. Any implant is initially supported on a necrotic layer of cancellous bone with mechanical properties similar to living bone, but no ability to repair. At first there will be accelerated failure of this dead cancellous bone. Even after the necrotic layer has been replaced, however, the rate of migration will vary with the ability of vascularised cancellous bone to repair damage. If damage exceeds repair, then it is likely that migration will continue, although at a slower rate than during the initial phase. It will cease if repair equals or exceeds the rate of tissue damage. It has been shown that continuous slow migration may continue for a number of years after implantation of a femoral stem. This suggests that damage accumulation always exceeds repair. Press-fit femoral prostheses are known to migrate significantly more than cemented implants and we have demonstrated by finite-element analysis that they generate higher stress in cancellous bone. This hypothesis is supported by a retrieval study reported by Hahn and Vogel (personal communication) which showed a greater incidence of trabecular fractures and microcalli around press-fit prostheses than around cemented prostheses.
We suggest that the risk of cancellous bone failure, and therefore of migration, is proportional to the magnitude of the stresses in cancellous bone and inversely proportional to its ability to withstand these stresses. The stresses in cancellous bone are governed by the design of the prosthesis and its method of fixation in relation to the weight
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and level of activity of the patient. It may be possible to relate the variation in migration rate between different designs to the changes in the magnitude of the stresses which they generate.
The differences in migration rates found in patients with identical prostheses may be due to differences in the quality of cancellous bone: weak, necrotic tissue fails more often than strong, vital tissue.
The fatigue failure of cancellous bone provides a possible unifying factor for the study of implant migration, regardless of site or method of fixation. It may help to explain the observed patterns of migration and may prove to be a useful adjunct in the design of new prostheses.
